Cryptococcus neoformans comprises two varieties (neoformans and gattii) and four serotypes (A, B, C and D). Fertile isolates of both mating types have been identified in serotypes B, C and D; however, a fertile serotype A MATa strain has not been confirmed, although serotype A MATa strains will mate with serotype D MATa strains. Preliminary analysis of a recent Italian environmental isolate (IUM 96-2828) suggested that this strain was haploid, serotype A and MATa. In this study, IUM 96-2828 has been characterized in detail. A mating reaction between IUM 96-2828 and H99 (serotype A MATa) produced abundant spores with an equal distribution of MATa and MATa progeny, all of which were serotype A. Karyotypic analysis of F 1 spores revealed evidence of recombination, confirming that IUM 96-2828 was fertile. The MATa pheromone gene from IUM 96-2828 was sequenced and found to be most closely related to the serotype D MATa pheromone gene. Phylogenetic comparisons of other genes not linked to mating type also suggested IUM 96-2828 was most closely related to serotype A strains. Biochemical analysis showed that the carbon assimilation profiles of H99 and IUM 96-2828 were identical for 97 % (30/31) of the substrates while isozyme analysis showed 89 % (17/19) identity. Assays of major virulence factors found no difference between H99 and IUM 96-2828. Virulence studies using the mouse model demonstrated that IUM 96-2828 was virulent for mice, although it was less virulent than H99. These data strongly suggest that IUM 96-2828 is a true haploid serotype A MATa isolate that is fertile.
INTRODUCTION
Cryptococcus neoformans is a heterothallic basidiomycetous fungus with two mating types, MATa and MATa (KwonChung, 1975 (KwonChung, , 1976 . It is primarily an opportunistic pathogen that causes meningoencephalitis in immunocompromised patients, but can also cause illness in healthy individuals (Casadevall & Perfect, 1998) . During the 1980s and early 1990s the incidence of cryptococcal infection rose steadily due to factors such as AIDS, cancer therapy, organ transplant and other immunosuppressive conditions (Casadevall & Perfect, 1998; Mitchell & Perfect, 1995) . In recent years the incidence of cryptococcosis has been decreasing due to better management of AIDS, which is the greatest risk factor for infection (Hamilton & Goodley, 1996) . Unfortunately, the decrease in new infections does not end the seriousness of cryptococcosis for AIDS patients.
For those AIDS patients who were infected, cryptococcosis is often treated with a life-long antifungal regimen (Pinner et al., 1995) . Further compounding this problem is the inability of current AIDS therapies to eradicate HIV from the body (Cohen, 1997) , which has led, predictably, to an increasing failure rate of these therapies (Cohen, 1998) . The most recent data for HIV infection have cited an increase in drug-resistant HIV and an increase in new infections in certain areas in the USA (Matsushita, 2000; Piot et al., 2001) . Therefore, cryptococcosis still remains a serious disease for this patient population.
The life-cycle of C. neoformans has been well defined. Mating occurs when MATa and MATa cells physically contact one another and fuse to form a diploid, which then differentiates into a dikaryotic hypha with fused clamp connections. Basidia eventually form at the tips of these hyphae and provide the site where meiosis and sporulation occur. Haploid spores of each mating type form in four random chains on the basidial surface by successive mitotic divisions. Once
The GenBank accession number for the MFa1A pheromone sequence reported in this paper is AY129299.
Similar to the bias in serotype prevalence, a number of studies have also documented a bias in mating-type representation in clinical specimens. These studies have found that MATa isolates comprise more than 95 % of all clinical isolates (Bennett et al., 1977; Hironaga et al., 1983; Jong et al., 1982; Madrenys et al., 1993; Yan et al., 2002) . Although this bias suggests that the MATa mating type is more virulent than the MATa mating type, this assumption is complicated. On the one hand, showed that MATa cells are more virulent than MATa cells by using congenic strains, which only differ at the matingtype locus, in a mouse survival model. On the other hand, the MATa bias in clinical isolates also extends into environmental samples (Kwon-Chung & Bennett, 1978) , which allows for the possibility that exposure frequency may play a role in the clinical bias. Therefore, although most evidence points to MATa cells being innately more virulent than MATa cells, additional studies need to be performed to confirm this.
Presently, most genetic studies of C. neoformans are conducted in serotype D strains because of the existence of both MATa and MATa strains as well as a congenic pair of strains, which serves as a standard laboratory pair. The inability to identify a serotype A MATa strain suggested that these strains were either extinct or existed in an ecological niche that remained to be found. In 2000, Lengeler reported the identification of a serotype A MATa clinical isolate from a Tanzanian AIDS patient (Lengeler et al., 2000) . This report provided the first evidence that a serotype A MATa locus existed; however, the strain was sterile. Another study designed to establish the origin of serotype AD strains, which are diploid or aneuploid hybrids derived from a fusion of serotype A and D parents, showed that several of these unique strains harboured a serotype A MATa locus (Lengeler et al., 2001) . The high frequency of the serotype A MATa mating-type locus in diploid strains suggested that these strains do, in fact, exist in nature and can be readily recovered (Cogliati et al., 2001) . It is, therefore, curious as to why haploid serotype A MATa isolates still remain elusive.
Here we report the detailed characterization of a fertile serotype A MATa C. neoformans isolate. This isolate, designated IUM 96-2828, was initially recovered as an environmental isolate from Italy (Viviani et al., 2001) . We show in this study that IUM 96-2828 mates in the laboratory at high frequency and produces recombinant progeny, which demonstrates that it is MATa in mating type. Serotypic analysis by agglutination and phylogenetic analysis of genes not linked to mating type revealed that the strain is most closely related to serotype A strains, confirming that it is a true serotype A isolate. Analysis of a variety of phenotypic traits revealed that this strain had no unusual characteristics with regard to phenotype, as all were wild-type. Taken together, these results demonstrate that IUM 96-2828 is a true, fertile serotype A MATa isolate.
METHODS
Media, strains and plasmids. YPD consisted of 1 % yeast extract, 2 % peptone and 2 % glucose, and was solidified with 2 % agar as needed. Minimal medium (Min) consisted of 2 % agar, 2 % glucose (Min-dex) and 0?67 % yeast nitrogen base (YNB) without amino acids (Difco). V8 agar was modified from the original description (Kwon-Chung et al., 1982a) ; it contained 10 % filtered V8 juice, 0?5 g KH 2 PO 4 l 21 and 4 % agar, and was adjusted to pH 6. Egg yolk agar consisted of 2 % agar, 2 % glucose, 1 M NaCl, 5 mM CaCl 2 , 0?67 % YNB without amino acids and 10 % egg yolk (Price et al., 1982) . Asparagine agar contained 1 g L-asparagine l
21
, 1 g glucose l
, 1 mM dopamine, 2 % agar and 0?67 % YNB without amino acids and without ammonium sulfate (Kwon-Chung et al., 1982b; Rhodes et al., 1982) . Modified low iron medium (LIM) consisted of 2 % agar, 0?5 % glucose, 0?04 % KH 2 PO 4 , 0?5 % L-asparagine and 10 ml trace elements l 21 (Wills et al., 2001) . Strains used in this study are listed in Table 1. DNA preparation and analysis. Genomic DNA was prepared using the bead-beating method (Clarke et al., 2001) . DNA (3-5 mg) for Southern blots was run on 0?6 % agarose gels at 65 V for 4 h and then transferred onto Hybond-N + nylon membranes (Amersham Pharmacia). All hybridizations were done in Rapid-Hyb buffer (Amersham Pharmacia) according to manufacturer's instructions. Probes were randomly labelled using the High Prime kit (Roche) according to the manufacturer's instructions. After washing, membranes were exposed to BioMax MS X-Ray film (Kodak).
Serotyping. Serotyping was performed using the Crypto Check slide agglutination kit (Iatron Labs) according to the manufacturer's instructions.
TA cloning, sequencing and oligonucleotide synthesis. PCR products were TA cloned into pCR2.1 (Invitrogen) according to the manufacturer's instructions. Templates were prepared for sequencing using the Wizard miniprep kit (Promega) and sequenced at the Advanced Nucleic Acids Core Facility at the University of Texas Health Science Center at San Antonio. Data were analysed and aligned using MACVECTOR and ASSEMBLYLIGN (Oxford Molecular Group). Oligonucleotides were obtained from the Advanced Nucleic Acids Core Facility at the University of Texas Health Science Center at San Antonio.
PCR. All reactions were performed in a GeneMate thermocycler (Techne) using a 50 ml reaction volume with 2?5 U Taq DNA polymerase (Invitrogen BRL) and 25-50 ng DNA as template. Primers are listed in Table 2 . The serotype D MATa pheromone (MFa1) was amplified as an ,800 bp fragment from JEC-20 template DNA using primers All.MFa.59 and All.MFa.39. Amplification conditions were 94˚C for 2 min, an annealing temperature of 62˚C for 30 s and an extension step of 72˚C for 60 s, which was then repeated 29 times except that the initial 94˚C denaturation step was reduced to 30 s. The final cycle included a 3 min extension step at 72˚C. The serotype A MATa pheromone (MFa1A) was amplified as an ,800 bp fragment from IUM 96-2828 DNA using the same primers and conditions as for the serotype D MFa1 gene, and then TA cloned and sequenced. The serotype A MATa pheromone gene coding sequence was amplified from H99 using primers H99.MF.F-2 and H99.MF.R. Amplification conditions were 94˚C for 2 min, an annealing temperature of 56˚C for 15 s and an extension step of 72˚C for 30 s, which was then repeated 29 times except that the initial 94˚C denaturation step was reduced to 15 s. The final extension was extended for an additional 3 min at 72˚C. The ,100 bp H99 A MFa1 fragment was then TA cloned and sequenced.
As an additional control for screening purposes and linkage analysis, primers were designed in a serotype-specific and mating-type-specific manner to amplify the STE20 gene (Table 2 ) using a strategy similar to that described by Lengeler et al. (2001) . STE20 sequences from H99 (STE20a), JEC-21 (STE20a) and JEC-20 (STE20a) were aligned in order to design serotype and mating-type-specific primers. The primers for the IUM 96-2828 STE20a sequence were the same primers used in the study of STE20 genes from serotype AD hybrids (Lengeler et al., 2001 ). Amplification of all STE20 genes utilized a standard protocol with an initial step of 94˚C for 2 min, a primer-dependent annealing temperature (D STE20a, 62˚C; A STE20a, 58˚C; D STE20a, 58˚C; A STE20a, 55˚C) for 20 s, 72˚C for 1 min, followed by 24 additional cycles where the 94˚C step was reduced to 20 s, and a final extension of 3 min. D STE20a was amplified with the same protocol except 29 cycles were used instead of 24. Primers used and product sizes obtained Electrophoretic karyotyping. Seed cultures of 50 ml YPD were inoculated with approximately 1610 6 cells and grown at 30˚C for 16 h with shaking at 300 r.p.m. before 100 ml pre-warmed YPD broth was added. Shaking and incubation continued for 4-6 h, and then cells were harvested. Plugs were prepared as described previously (Wickes et al., 1994) , except that sphaeroplasting took place in solution prior to agarose addition using 950 mg lysing enzymes from Trichoderma harzianum (Sigma) per 1 ml buffer. Samples were run in a 0?7 % PFGE-grade agarose (Bio-Rad) gel with 0?56TBE running buffer using the following protocol: 110 V, switch times of 50-130 s for 23 h followed by 170-400 s for 47 h, at a gel temperature of 10˚C. Southern blots were prepared as follows. After staining in ethidium bromide for 30 min, the gel was nicked in a Stratalinker (Stratagene) set at 60 mJ. Following a 15 min wash in 0?4 M NaOH/1?5 M NaCl, a standard capillary transfer was set up using a Hybond-N + nylon membrane. Transfers continued until 2 l buffer had passed through the gel, or approximately 48 h. The membranes were neutralized after transfer by washing in 0?5 M Tris/HCl (pH 7) for 5 min and then rinsed briefly in 26SSC. Hybridizations of karyotype blots followed Hybond-N + membrane instructions, except that Rapid-Hyb buffer (Amersham Pharmacia) was used.
Phylogeny study. Several genes were chosen for phylogenetic analysis based on the availability of sequences from all four serotypes for comparison. Accession numbers are listed in Table 3 . C. neoformans CAP10, CNLAC1 and URA5 genes were amplified from IUM 96-2828 using primers to conserved regions identified from alignments of sequences from the other serotypes (Table 2) . A 480 bp CAP10 fragment was amplified with primers CAP10.F and CAP10.R using an initial step of 94˚C for 2 min, 63˚C for 12 s, 72˚C for 30 s, followed by 29 additional cycles where the 94˚C cycle was reduced to 12 s and a final extension of 1 min at 72˚C. A 650 bp CNLAC1 fragment was amplified with primers LAC.F and LAC.R using an initial step of 94˚C for 2 min, 50˚C for 30 s, 72˚C for 1 min 30 s, followed by 29 additional cycles where the 94˚C step was reduced to 30 s and then a final extension of 3 min at 72˚C. A 780 bp URA5 fragment was amplified using primers URA5.F and URA5.R with an initial step of 94˚C for 2 min, 58˚C for 20 s, 72˚C for 45 s, followed by 29 additional cycles where the 94˚C step was reduced to 20 s and a final extension of 2 min at 72˚C. All PCR products were TA cloned and then sequenced.
Biochemistry. Carbon assimilation was tested using the API ID32 kit (BioMérieux); isozyme analysis was performed using the API ZYM kit (BioMérieux). Assays were performed independently three separate times.
Virulence studies. Virulence assays utilized 10 female BALB/c mice per isolate, which were injected with either H99 or IUM 96-2828 via the lateral tail vein. Inocula were prepared as previously described and then used to inject each mouse with 0?2 ml of a suspension containing 5610 6 organisms ml
. Mice were observed daily and scored for mortality. Data were analysed by Kaplan-Meier survival estimates using JMP software (SAS Institute). Egg yolk agar was used for testing phospholipase activity (Price et al., 1982; Vidotto et al., 1998) . Strains were inoculated onto egg yolk agar as a suspension (1610 8 cells ml 21 ) after growth on YPD for 24 h. Cultures were observed for the formation of a precipitate around the colony for up to 7 days incubation at 30˚C. Melanin production was tested on asparagine agar (KwonChung et al., 1982b; Rhodes et al., 1982) . A 24 h seed culture was grown on YPD at 30˚C. A suspension of approximately 1610 8 cells ml 21 was prepared and 5-10 ml of this were dropped onto the agar. Positive reactions consisted of a dark-brown colony colour within 24-48 h incubation at 30˚C. Capsule production was assayed as described using a modified LIM (Wills et al., 2001) . Plates were inoculated from a 24 h YPD culture and grown at 25˚C for 5-7 days. Cells were then mounted with India ink to visualize the capsule microscopically.
RESULTS IUM 96-2828 is serotype A
The serotype of IUM 96-2828 was determined by agglutination reactions and PCR amplification of the serotype-specific alleles. The Iatron slide agglutination reaction was performed four separate times on both young (24 and 48 h) and old (21 day) cultures. In all slide agglutination reactions, IUM 96-2828 was agglutinated by serum 1 (polyvalent) and serum 7 (serotype A-specific) in young cultures, as demonstrated in our previous study (Viviani et al., 2001) , as well as in older cultures. To confirm these results, we performed crosses using H99 as the other parent to ensure that this strain would mate efficiently but, most importantly, would produce progeny that could be scored for serotype. Macroscopic and microscopic inspection of mating reactions revealed that IUM 96-2828 mated vigorously with H99 and produced abundant chains of basidiospores (Fig. 1) . Forty-eight progeny from this cross as well as MATa and MATa control progeny from crosses between JEC-20 and JEC-21, H99 and JEC-20, and IUM 96-2828 and JEC-21 were recovered and scored for mating type and serotype (Table 4 ). All progeny from the cross between IUM 96-2828 and H99 were serotype A and all progeny from the control cross between JEC-20 and JEC-21 were serotype D. Interserotype control crosses between serotype A and D strains (H996JEC-20 and IUM 96-28286JEC-21) yielded strains that were MATa, MATa and MATa/a based on STE20 analysis. Our interserotype crosses only yielded serotype AD progeny, although due to the intentionally small sample size of these classes, these results were not unexpected since these types of crosses usually yield hybrid strains (AD) that are diploid or aneuploid (Lengeler et al., 2001) . The interserotype crosses (IUM 96-28286 JEC-21 and H996JEC-20) were included to demonstrate that serotype D antigenicity could be detected in serotype AD hybrids with different mating-type locus combinations (D MATa/A MATa or D MATa/A MATa) in case the diploid mating locus state influenced serotype expression. As predicted, all of the a/a progeny from the cross between H99 and JEC-20 contained both the serotype A STE20a and serotype D STE20a alleles, whereas all of the a/a progeny from the cross between IUM 96-2828 and JEC-21 contained Therefore, it appears that C. neoformans var. neoformans MATa pheromones are conserved only within the variety whereas the MATa pheromones are common to the species. (Fig. 4) . The karyotypes of these four strains were highly conserved and were also conserved when compared to karyotype patterns previously reported for serotype A strains (Wickes et al., 1994) . The chromosomes in these karyotypes ranged from 770 kb to 3?8 Mb in size, which agrees with data previously reported for serotype A karyotypes (Wickes et al., 1994) . Both F 1 progeny displayed non-parental karyotypes with at least one band being non-parental. The karyotype of the F 1 MATa strain contained one band that was derived from the H99 (MATa) parent, while the karyotype of the F 1 MATa strain contained one band derived from the IUM 96-2828 (MATa) parent, but lacked another band present in the H99 karyotype. The F 1 progeny were themselves fertile when backcrossed to either compatible parent. In Southern blots of whole karyotypes, IUM 96-2828 and the F 1 MATa strain from the cross between IUM 96-2828 and H99 only hybridized to the MFa1A probe from IUM 96-2828 (Fig. 4) . Conversely, H99 and the F 1 MATa strain from the cross between IUM 96-2828 and H99 only hybridized to the MFa1A probe from H99. The probes hybridized to the band corresponding to the MAT chromosome (Clarke et al., 2001) , which is approximately 1?8 Mb in size. The size and location of the MAT chromosome in the karyotypes of these strains is conserved in both serotypes.
IUM 96-2828 is serotype A by phylogenetic analysis of genes not linked to mating type
The pheromone and STE20 genes from IUM 96-2828 are each linked to mating type. Additional sequences not linked to mating type were compared from all four serotypes to determine where the IUM 96-2828 sequences would cluster. Sequences from three other IUM 96-2828 genes (CAP10, CNLAC1 and URA5) were obtained in order to build phylogenetic trees for comparing this strain to representative strains of all four serotypes (Fig. 5) . Sequences from serotypes A and D and serotypes B and C consistently clustered together, which was expected based on the classification of strains into the varieties neoformans (serotypes A and D) and gattii (serotypes B and C). All three IUM 96-2828 sequences clustered with the corresponding sequence from H99 (serotype A). Therefore, in addition to mating-type-specific sequences, sequences of IUM 96-2828 not linked to mating type also placed this strain closest to H99, a serotype A strain.
Biochemical analyses
Carbon assimilation and isozyme profiles of IUM 96-2828 and H99 were compared (Table 5) . Of the 31 carbon sources tested with the API ID32 kit, only aesculin assimilation differed, with IUM 96-2828 unable to use this compound as a carbon source. In spite of this difference, both strains were identified as C. neoformans by the kit. The isozyme activities of IUM 96-2828 and H99 were identical for 17 of the 19 enzymes assayed. The two differences included b-glucosidase (H99 positive, IUM 96-2828 negative) and N-acetyl-b-glucosaminidase (H99 negative, IUM 96-2828 positive). Aesculin assimilation requires b-glucosidase activity (Miskin & Edberg, 1978) , which was consistent with the aesculin assimilation and b-glucosidase activity results for IUM 96-2828. Aesculin assimilation and isozyme patterns are variable among strains of C. neoformans (Edberg et al., 1980; Garcia-Martos et al., 2001; Schonheyder & Stenderup, 1982) ; therefore, IUM 96-2828 does not display any unusual phenotypic traits with regard to its carbon assimilation or isozyme patterns.
Virulence for mice
Previous virulence studies have established that in a congenic pair of serotype D isolates, the MATa mating type is more virulent than the MATa mating type in a mouse tail vein model . Serotype A MATa isolates are known to be virulent based on their prevalence in clinical isolates and have been shown to be virulent in multiple animal models and multiple inoculation sites Cruz et al., 1999; Yue et al., 1999) . We were interested in determining the level of virulence of IUM 96-2828 using the mouse tail vein injection model since this model is the most common in vivo model of C. neoformans virulence. IUM 96-2828 was shown to be virulent, but significantly less virulent than H99 (P,0?0001) (Fig. 6) . In this experiment IUM 96-2828 took almost nine times longer than H99 to kill all of the mice. H99 displayed 100 % mortality by day 9 while IUM 96-2828 took until day 79 to kill all of the mice. Based on the low level of virulence demonstrated by IUM 96-2828 when compared to H99, several virulence factors were tested to ensure that IUM 96-2828 was not defective or reduced for one of the major virulence factors. IUM 96-2828 and H99 were both able to grow at 37˚C (Fig. 7a) , with each displaying a doubling time of approximately 120 min. Both strains produced a dark pigment on asparagine agar, suggesting that their melanin production was similar (Fig. 7b ). There were no clear differences in the capsule sizes (Fig. 7c) or phospholipase activities (Fig. 7d) of IUM 96-2828 and H99. Therefore, the difference in virulence between the two strains is not due to any of the major virulence factors. 
*Data in bold letters identify differences in assimilation or isozyme patterns. +, Positive; 2, negative.
DISCUSSION
In 1999, C. neoformans was selected for a genomesequencing project because it is a significant human pathogen for which current therapies are unsatisfactory . It is also a good model for studying many aspects of fungal pathogenesis because it has well-defined genetic and molecular systems, and a variety of animal models that mimic the course of disease in humans. A primary consideration in the decision of which strain to use for the genome-sequencing project was mating type. JEC-21, a MATa serotype D strain, was chosen for the genome project because it is the MATa isolate of a congenic pair of strains that is useful for genetic analysis. JEC-21 is also a descendant of the strain (B-3501) that was used for most of the early genetic and molecular manipulations. While serotype A MATa strains make up the majority of all clinical isolates, the lack of a serotype A MATa strain precluded traditional genetic crosses, which made the serotype D strain the more attractive choice for the sequencing project. Despite the usefulness of the congenic serotype D strains, however, the search for a serotype A MATa isolate has been ongoing. To date, more than 700 clinical and environmental isolates have been surveyed (K. J. KwonChung, personal communication), with only two serotype A MATa strains being identified. The reasons behind the mating-type bias are still unclear. Although serotype D MATa strains have been found, the bias is quite similar to the serotype A bias. A possible reason for this bias is that the primary niche has not yet been discovered. The fact that C. neoformans var. neoformans appears to be ubiquitous may make a reservoir that yields large numbers of both mating types difficult to find, if it even exists. Alternatively, MATa strains may be heading towards extinction due to lack of a competitive advantage. However, this possibility must be viewed cautiously since clinical frequencies of certain strains actually represent select portions of environmental populations which have been filtered by host pressure.
The first confirmed serotype A MATa isolate was identified from a Tanzanian clinical isolate. Although the strain was shown to be virulent in mice, it did not produce mating pheromone, lacked one or more components of the signal transduction pathway required for mating and consequently, was sterile (Lengeler et al., 2000) . IUM 96-2828, the second putative serotype A MATa strain to be identified, was initially recovered during a study of European isolates and identified by PCR (Viviani et al., 2001) . The results of the present study provide strong evidence that IUM 96-2828 is a true serotype A MATa isolate, which is fertile. The purity of the progeny from the cross between IUM 96-2828 and H99 with regard to parental serotype suggested that there is no evidence of serotype D antigenicity in the IUM 96-2828 genomic background. Importantly, the clustering of IUM 96-2828 with other serotype A strains in the phylogenetic analysis of genes not linked to mating type also argues against any serotype D ancestry in this strain, especially since this analysis is molecular-based and independent of the agglutination assay. Therefore, by multiple techniques IUM 96-2828 always behaved unambiguously as a serotype A strain in our hands.
We also used multiple approaches to confirm that IUM 96-2828 was MATa in mating type. Southern blots of In a standard mating reaction with strains in which one or both backgrounds are unknown, it is possible to produce basidiospores that are not meiotic products of the two input parents by two ways. The first way is that the spores can be products of monokaryotic fruiting and therefore, are nonrecombinant because they arise from a single strain in the absence of mating (Wickes et al., 1996) . The second way is that the spores can be produced from a cross to a diploid or aneuploid self-fertile strain, which contains both a MATa and MATa mating-type locus. In this case, although the spores could technically be recombinant, they would not be the product of a mating with the intended parent. These possibilities were excluded by the 1 : 1 mating-type segregation pattern of the progeny from the cross to H99, as well as the hybridization results with the pheromone probes and finally, the STE20 PCRs. Fig. 1 ). However, the number of basidia produced in IUM 96-28286H99 crosses is much higher and the spore chains produced appear to be substantially longer that those formed during JEC-206JEC-21 crosses. Although mating efficiency can vary greatly depending on strain, our results suggest that IUM 96-2828 and H99 will be useful for most genetic analyses. To enhance their use for basic genetic analyses, we have also begun to insert various genetic markers into the strains and have succeeded in recovering an ura5 auxotroph, which can be complemented by transformation with the native gene. In the serotype D congenic pair, mating is markedly enhanced when two auxotrophs are crossed. Therefore, having marked strains will provide genetic flexibility for the study of serotype A strains and will also provide the appropriate hosts for transformation.
In addition to the utility of a congenic pair for future genetic studies, the two congenic pairs will provide an opportunity to test the role of mating type in the virulence of serotype A strains. In 1992, Kwon-Chung reported an association between mating type and virulence during a study of the serotype D congenic strains JEC-20 and JEC-21 (KwonChung et al., 1992) . The study concluded that the MATa strain was significantly more virulent than the MATa strain. We were interested in determining the virulence of IUM 96-2828 in a mouse model in order to have background data for a future congenic virulence study. Our results demonstrated that IUM 96-2828 was virulent; however, it was significantly less virulent than H99. Interestingly, the Tanzanian isolate reported by Lengeler et al. (2000) was also significantly less virulent than H99. A number of factors are required for virulence in C. neoformans, which include, but are not restricted to, the production of capsule, melanin and phospholipase and growth at 37˚C (Buchanan & Murphy, 1998; Hamilton & Goodley, 1996; Kozel, 1995) . IUM 96-2828 showed no difference from H99 in any of these phenotypic traits. Therefore, an explanation for the reduced virulence of IUM 96-2828 does not include a mutation in one of the above virulence factors. While it is tempting to conclude that reduced virulence is linked to the MATa mating-type locus of IUM 96-2828, in reality there could be many other reasons independent of mating type that explain the virulence difference. We identified slight differences in carbon assimilation and isozyme patterns; however, since C. neoformans strains are variable in these phenotypic traits, it is unclear what effect, if any, these differences would have on virulence. To address the association of mating type with virulence in serotype A strains, we plan to repeat the serotype D congenic strain study with the serotype A strains. The congenic strain strategy circumvents the problem of assembling a large, diverse collection of MATa and MATa isolates because it allows the testing of each mating type in a normalized genetic background. By preparing two pairs of strains, one set in each parental background, the role of mating type in virulence can be more rigorously tested. Since H99 is a clinical isolate and IUM 96-2828 is an environmental isolate, if the MATa strain in both backgrounds is significantly more virulent, this outcome in combination with the previous serotype D congenic virulence study should provide conclusive evidence for the role of mating type in the virulence of C. neoformans var. neoformans.
